Background: Shallow nearshore marine ecosystems are changing at an increasing rate due to a range of human activities such as urbanisation and commercial development. As a result, an increasing number of structural modifications occur in coastal nursery and spawning habitats of fish. Concomitant to this increase, there have been declines in many coastal fish populations and changes in the composition of fish communities. As requested by Swedish stakeholders, this review aimed to synthesise scientific evidence of the impact on fish recruitment of structural modifications in temperate coastal areas.
Background
Anthropogenic activities are degrading and destroying native habitats in coastal ecosystems worldwide [1, 2] . Shallow sheltered bays and estuaries have been altered by what is generally referred to as "urban sprawl" [3] , which is the proliferation of artificial structures and/or the destruction of natural habitats to support maritime traffic, protect low-lying coasts, support aquaculture and fisheries, provide recreational opportunities, or produce energy [4] [5] [6] . In addition to persistently modifying coastlines by replacing natural with artificial habitats, infrastructure can also disturb the surrounding environment by changing water flow, light, sediment and nutrient loading, noise, electromagnetic fields and chemical pollution [7] and produce large-scale impacts by alteration of ecological connectivity [8] . Additional disturbance originates from related human activities such as dredging, beach nourishment, boating, and beach tourism. Despite a growing awareness of these impacts [9] [10] [11] , quantitative estimates of the effects on species distributions and abundances are still scarce [4, 12, 13] .
Shallow coastal and estuarine habitats (including wetlands, seagrass beds, kelp and other canopy forming macroalgae, shellfish and other biogenic reefs) are often spawning and nursery habitats that support the larvae and juveniles of many fish species, including several commercially important species [5, 12, [14] [15] [16] . While this nursery role is increasingly studied and defined [16, 17] , less effort has been invested to quantify the potential erosion of this critical function as a consequence of often irreversible modifications to nearshore habitats. For example, the historical wetland drainage in coastal Northern Europe resulted in widespread loss of important recruitment areas [18] . Smaller disturbances such as dock construction and boating could also impact shallow coastal nursery habitats [18] [19] [20] .
In temperate areas, many coastal populations of fish have seen marked declines during the past two decades [21] [22] [23] [24] [25] . These declines have been linked to a number of factors including overexploitation [26] , environmental change [22] , changes in migration and reproductive patterns [27] , changes in food webs [28, 29] , and destructive fishing practices [30] . However, there is growing awareness that the problem of declining fish abundances is aggravated by factors affecting the survival of earlier life stages of many species [15, 31] . Several studies have documented a widespread recruitment deficit in species that depend on shallow coastal habitats for reproduction [18, 32] and increased mortality during early life stages has been suggested to be the main cause for some declining populations of adult fish [33] [34] [35] . For example, continuous declines in density and abundance of coastal top predatory fish like pike (Esox lucius) and Eurasian perch (Perca fluviatilis) have been observed since the mid1990s in parts of the Baltic Sea [35, 36] . At the same time, as much as 40% of the available reproductive areas were considered degraded or lost by 2005 along parts of this coast [4] . Recent work has also shown that adult densities of the two dominant predatory fish species [zander (Sander lucioperca) and Eurasian perch] were related to the amount of nursery habitat available in a large archipelago area of the Baltic Sea [35] . Moreover, altering the abundance and diversity of large piscivorous fish may invoke community-wide trophic cascades and negative feedback loops that further reinforce the negative impact on piscivore recruitment, with far-reaching consequences for ecosystem functioning, fisheries and human livelihoods [25, 26, 37] . Even so, the impacts of anthropogenic modification of coastlines on fish populations are poorly described and rarely incorporated into scientific advice for fishery management. This is partly due to the difficulties of establishing an empirical link between human impacts, the availability of nursery habitats, and fish recruitment to adult stocks [35, 38, 39] . Therefore, a better understanding of how anthropogenic activities affect coastal habitats and the fish species that depend on them for their recruitment is essential for guiding management actions that aim to preserve, enhance or restore coastal ecosystem services [40] [41] [42] .
Today, controversies remain over the primary causes of declining coastal fish populations, including the importance of the loss of nursery habitats, the effectiveness of habitat restoration, and the extent to which management can reverse declines in fish stocks [6, 19] . Recently, researchers have focused their attention on links between anthropogenic pressures and fish recruitment, and the accumulation of new data (see e.g. [43] [44] [45] [46] [47] ) suggests that a systematic review on this topic may help resolve some of these controversies. Decision makers and other stakeholders need to know the available evidence for effects of coastal structures and other human-made habitat changes on fish recruitment in order to make appropriate decisions on coastal use and development that consider the function of these coastal areas for fish recruitment.
Topic identification and stakeholder engagement
As part of the Baltic Sea Action Plan, HELCOM FISH-PRO II and contracting parties (http://helco m.fi/helco m-at-work/proje cts/fish-pro) are compiling data on the status of coastal fish populations in the Baltic Sea (2013) (2014) (2015) (2016) (2017) (2018) . In 2005, the Swedish National Board of Fisheries presented a survey on recruitment problems in coastal fish populations in the Baltic Sea [15] . This survey suggested that high mortality during larval or early juvenile stages is the likely reason for declining coastal fish populations. It focused on two species (Eurasian perch and pike) and highlighted the inconsistencies in available data and the lack of mechanistic understanding of observed patterns in recruitment. The effects of anthropogenic disturbances on fish communities are a growing national and international concern.
In May 2015, Mistra Council for Evidence-Based Environmental Management (EviEM) organised a meeting with Swedish environmental stakeholders that included representatives of the Swedish Agency for Marine and Water Management, the Swedish University of Agricultural Sciences, county boards and non-governmental organisations. The Swedish stakeholders highlighted the need for a comprehensive summary of how the early life stages of fish may be affected by various human activities in the Baltic Sea. The Helsinki Commission [14] carried out a comprehensive review of the status of coastal fish populations, but the review team could not identify any comprehensive and systematic syntheses of the evidence on how or to what extent anthropogenic activities affect the function of spawning and nursery habitats for fish populations in the Baltic Sea or other similar temperate aquatic environments. Therefore, to overcome the constraints in knowledge, we conducted a systematic review, following the systematic review protocol focusing on the impact of human-made structural modifications on fish recruitment in temperate regions [48] . This article presents the findings of that review.
Objectives of the review
The primary objective of this review was to collect and synthesise available evidence of impacts of small-and large-scale human-induced structural changes on fish recruitment in nursery and/or spawning grounds in shallow coastal or near-shore aquatic fish habitats in the temperate zone. 
Primary question

Outcomes
A measure of recruitment of juvenile fish, mainly estimates of abundance of different species. We define recruitment as a measure of abundance of juvenile fish found in shallow nearshore areas. Community composition was not considered.
Methods
This systematic review follows the Guidelines and Standards for Evidence Synthesis in Environmental Management by Collaboration of Environmental Evidence [49] . It is designed according to the protocol published in Environmental Evidence in 2016 [48] (but see "Deviations from protocol") and it conforms to ROSES reporting standards (see Additional file 1). Prior to the peer review and publication of the protocol, a draft version was open for public review at the website of the EviEM from mid-December 2015 to mid-January 2016. Comments received from the stakeholders were considered prior to publication of the protocol.
Deviations from protocol
We have changed the review question to improve clarity. In addition, we have only focused on the changes to juvenile fish abundance as a measure of impact. Studies of changes in community composition were not considered due to our definition of fish recruitment (see "Outcomes" above). More details about deviations from the protocol are explained under specific sections (see "Search strategy" and "Potential effect modifiers and reasons for heterogeneity").
Search strategy
Search terms
The following English language search terms were used: Population terms: shore*, bay*, coast*, estuar*, lagoon*, lake*, intertid*, near$shore, shallow, seagrass*, seaweed*, wetland*, marina*, floodplain*, fiord*, mudflat*, saltmarsh*, eelgrass*, "biogenic habitat*", "habitat-forming specie*", "kelp forest*", "mussel bed*", "oyster bed*", "Sabellaria bed*", "sand bank*", "shellfish habitat*", littoral, marsh*, macrophyt*, "maerl bed*", "habitat-engineer* species", "canopy-forming alga*", "fucoid alga*" Exposure terms: "artificial reef*", "artificial structure*", armo$r*, "beam trawling", cable*, dock*, drain*, dredg*, "habitat change*", "habitat degradation*", "habitat loss*", "habitat restoration*", pier*, pipe$, port$, reclamation*, "wind farm*", "wind turbine*", "ship wreck*", "anthropogenic pressure*", man$made, "hydrological connectivit*", "habitat connectivit*", seawall*, "coastal defen*", breakwater*, buoy*, gabion*, groyne*, jett*, "landing stage*", "aggregate extraction*", revetment*, "hard engineering", mooring*, drill*, "flood gate*", floodgate*, dike*, "ship channel*", "shipping lane*", "tidal energ*", "wave energ*", "habitat complexit*", "habitat enhancement*", "habitat fragmentation", "beach nourishment"
Outcome terms: "age$0″, fish*, "fish juvenile*", "fish larva*", "fish nurser*", "fish recruit*" "YOY", "Young$of$year", "Young$of$the$year", "0$group", "fish spawn*", "fish reproduct*", "CPUE", "0 + fish*", "fish abundance*", "fish densit*", "fish diversit*", "fish rich*"
The search terms within each of the three categories (population, exposure and outcome) were combined using the Boolean operator 'OR' . Wild cards (for single characters ($) or any group of characters (*)) were also used. We combined the three categories into a search string using the Boolean operator ' AND' .
The review team tested the search string in Web of Science against a list of 20 relevant articles. The final set of search terms was the result of numerous iterative searches in Web of Science that allowed for further refinement of the search string and aimed to increase the overall comprehensiveness of the search. The full record of these iterations is in Additional file 2. The final search string located all 20 test articles.
The search string was modified depending on the functionality of different databases, specialist websites and search engines. In some cases, only a few key search terms were used (e.g. "fish recruitment" or "fish habitat change"). In addition to English, searches were made for studies in Dutch, Danish, Finnish, German, Swedish and Spanish with translated search terms. Details of all these searches including the adaptations of searches to specific databases, websites and search engines are in Additional file 2.
Recorded references were imported into an EndNote library and EPPI-Reviewer (online systematic review software). All duplicates were removed, and their numbers were recorded.
Publication databases
The search included the following online databases: 
Search engines
An internet search was performed in May and June 2017 using Google Scholar (http://www.schol ar.googl e.com) and search terms in English, Dutch, Danish, Finnish, German, Swedish and Spanish. We examined all relevant hits, not only the first 200 hits as stated in the protocol. These hits were downloaded (first, into a Mendeley database and then uploaded to EPPI software). We did not use google.com (as described in the protocol) due to the high number of irrelevant search results when using that search engine.
Specialist websites
Websites of the specialist organisations listed below were searched in May and June 2017 for links or references to relevant articles and data, including grey literature. The searches were performed mainly in English, and where possible, in Danish, Finnish and Swedish. 
Baltic Marine Environment Protection
Other literature searches
To further ensure the completeness of our search, we checked the bibliographies of 11 literature reviews (MayJune 2017), and all relevant references that were not captured by previous searches were recorded and extracted (Additional file 2). Attempts to obtain unpublished data were made through calls for evidence using ResearchGate.net (May 2016, no additional studies found), as well as contacting stakeholders and experts in the field for suggestions of relevant studies (yielded one additional article).
Article screening and study eligibility criteria Article screening
Articles were evaluated for relevance based on the eligibility criteria at three levels: title, abstract and full-text. Articles were first evaluated for eligibility based on their titles. To control for reviewer consistency, at least two reviewers independently assessed a subset of 100 titles. The level of agreement between reviewers was calculated by a kappa statistic. Discrepancies were discussed in cases where there was an indication of inconsistency between reviewers (kappa index (κ) < 0.6), the eligibility criteria were clarified. The screening consistency tests were repeated until the κ reached 0.6 or more. The rest of the articles were then evaluated by one of the reviewers for eligibility based on their titles. Next, each article was judged for eligibility based on its abstract. This procedure was also evaluated for screening consistency as described above on a subset of 100 abstracts. The rest of the articles were then evaluated for eligibility by one reviewer. Each article found to be potentially relevant based on its abstract was judged for eligibility by screening the full text. Screening consistency was also checked at this stage, but on a smaller subset of 25 full texts, and all disagreements were discussed. The full-text screening on remaining papers was then conducted by one reviewer. At each screening stage, reviewers were asked to include rather than exclude studies when uncertain. Studies or datasets found from sources other than database searches were entered at one of the two latter stages of this screening process.
Study eligibility criteria
The following eligibility criteria were applied (as described in the protocol [48] ):
Relevant subjects Any coastal nursery and/or spawning habitats for fish species. These habitats had to be located in temperate zones of both hemispheres, in marine and brackish systems or in lakes that are larger than 10,000 km 2 . The temperate coastal region was defined using a map of the world's marine ecoregions [50] . However, during the review process we extended our scope to all studies from non-tropical regions, including the following realms: South Ocean, Arctic, Temperate Northern Atlantic, Temperate Northern Pacific, Temperate South America, Temperate Southern Africa, Temperate Australasia. For inland freshwater systems, we used the Köppen-Geiger climate classification [51] and limited studies to warm temperate (including: Cfa, Cfb, Cfc, Csa, Csb, Csc, Cwa, Cwb, Cwc) and snow climate zones (including: Dfa, Dfb, Dfc, Dfd, Dsa, Dsb, Dsc, Dsd, Dwa, Dwb, Dwc, Dwd) in both hemispheres. We applied the definition of 'coastal waters' from the European Water Framework Directive (L 327/6, Art. 2) [52] and focused on the marine area located up to one nautical mile from the coast.
Relevant types of exposures These can be (but are not restricted to) small-and large-scale human-made structures in nearshore areas: ports, docks, jetties, canals, coastal protection structures (e.g. groynes, sea walls, revetments, rock armouring, gabions, and breakwaters); other structures such as nearshore wind farms or oil platforms, and underwater nearshore structures such as artificial reefs, cables and pipelines. Small-and largescale structural changes of relevant aquatic habitats due to dredging, aggregate extraction, beach nourishment, land reclamation or habitat restoration activities were also included. Studies on barriers affecting adult fish migration and connectivity between adjacent freshwater spawning habitats and the nearshore marine or large lake nursery grounds were included for species such as percidae, esocidae and cyprinidae but not for species normally migrating longer distances upstream (salmonidae, catostomidae, clupeidae). We excluded studies that evaluate effects of non-structural changes of the habitat, such as change of temperature or chemistry of the aquatic system (including effects of pollution, toxicity, eutrophication or oxygen depletion), conservation policy interventions (e.g. the effects of marine protected areas), or the effects of climate change and rising sea levels on the fish stocks. Similarly, we did not include studies that evaluate effects of water abstractions (for aquaculture or similar purposes).
Relevant types of comparator
All studies that compare relevant outcomes between undisturbed and disturbed areas (control/impact (CI) design) and/or compare relevant outcomes before and after an exposure (before/after (BA) design). Eligible studies present data from a single post-disturbance sampling occasion, or repeated data collection over several years.
Relevant types of outcome
Measures of recruitment of juvenile fish, primarily estimates of abundance. All fish species and species groups were considered in this review.
Relevant types of study Any type of field study in coastal habitats. Theoretical, modelling and laboratory-based studies were excluded.
Language Full texts written in English, Dutch, Danish, Finnish, German, Swedish and Spanish.
Study validity assessment
Eligible studies were subject to a critical appraisal. A study could be published in two articles, or one article could contain multiple studies. We defined 'individual study' as any study which had a defined set of methods, defined and unique combination of treatments and study locations.
The appraisal was conducted in a similar way to other reviews by EviEM (see [53] ). The team assessed study validity and categorised relevant studies as having high, medium or low validity. Validity criteria included both susceptibility to bias (internal validity) and relevance of the study for our review question (external validity). Studies with high, medium and unclear validity were included in the narrative synthesis, whereas studies with low validity (i.e. high susceptibility to bias) were excluded.
The validity of a study was appraised by two reviewers. A small subset of the studies (10%) was appraised by the entire review team at the beginning of the appraisal to check for appraisal consistency, and all disagreements were discussed, and the criteria further refined. Final decisions regarding doubtful cases were taken by the whole review team.
A study was excluded from the narrative synthesis due to low validity if any of the following factors applied:
• No replication (i.e. less than two independent experimental/observational units).
• Exposure and comparator sites not matched (e.g. different habitat or ecosystem type).
• Severely confounding factors present (e.g. additional treatments carried out at the exposure sites but not at the comparator sites, or only before/only after the modification; different sampling method between exposure and control sites).
• Juvenile data not separable from adult data.
Some studies did not report sufficient details to judge their validity; those studies were categorised as having unclear validity. Specifically, a study was categorised to have unclear validity if any of the following factors applied:
• Poor methodological description (e.g. absence of key information on study design, or sampling procedure).
• Exposure difficult to interpret (e.g. unclear if the exposure is of anthropogenic origin or if control areas are unaffected by human activities).
A study not assessed to have low or unclear validity was considered to have medium validity if any of the following factors applied:
• BA study design (multiple temporal observations of a single unit in one study context) (not CI or BACI).
• Replication of sample less than ideal, for example if there were repeated measures and lack of independence between observational units (pseudoreplication), uncertain or uneven sample areas, or unbalanced sampling design.
If none of the above factors applied, the study was considered to have high validity. Information regarding validity appraisal for studies judged to be of high and medium validity is located in Additional file 3 (columns K and L). List of studies excluded from the narrative synthesis due to low validity with reasons for exclusion is in Additional file 4.
Data extraction strategy
We extracted data and metadata on study characteristics, description of exposure, outcomes, type of comparator, effect modifiers and study findings.
In cases where relevant data were published and available at a sufficient level of detail, but the authors did not conduct statistical analyses on reported data of interest, outcome means and measures of variation (standard deviation, standard error or confidence intervals) were extracted from tables manually and from graphs using WebPlotDigitiser (https ://autom eris.io/WebPl otDig itize r/). Where data presented in graphs were difficult to read, we requested data from the authors. The extracted data records were then used for additional statistical analyses to derive estimates of the impact (t-tests). For studies with repeated temporal measurements and sufficient data we ran statistical models on the reported outcomes to account for differences in time scales and time-dependent responses of juvenile abundance. Within the models, we considered the effects of the treatment, time, and their interaction on abundance, while controlling for the effect of replication. Selected models included: (1) a generalized linear model that incorporated replicates as an explanatory variable, (2) a linear mixed effects model with replicates added as a random effect, and (3) a generalized additive model with smoothing splines incorporated for time and replicates added as a random effect. We measured how well models performed using the Akaike information criterion [54] . All analyses were ran in R (version 3.5.1) [55] . Linear mixed effects models were conducted using the 'lme4' package [56] , and the generalized additive models were conducted using the 'gam' function in package 'mgcv' [57] . To obtain estimates of the impact, we ran analyses on the whole available dataset in five studies [58] [59] [60] [61] , while in three studies we ran analysis on part of the data [62] [63] [64] . The extracted data records along with details and results of tests performed are available in Additional file 5.
In some cases [18, [65] [66] [67] [68] [69] , authors did not perform statistical tests to derive estimates of the impact, and relevant data were not reported in sufficient detail to be analysed by the review team. In such circumstances, no findings were obtained.
To assure that the extraction of data and metadata was repeatable, two reviewers independently extracted data and metadata from a subset of the studies. All disagreements among reviewers were discussed and the coding scheme clarified. All entries were then extracted by one reviewer and cross-checked by another reviewer.
Potential effect modifiers and reasons for heterogeneity
Effect modifiers considered were: According to the availability of information reported in the included studies we updated and simplified the list of effect modifiers initially published in the protocol [48] . The list was further refined based on discussions within the review team.
Where coordinates of study sites were not available from the included articles, we retrieved them from Google Earth. Based on locations of study sites, we retrieved and extracted matching climate data (using R package rgdal [70] ). Studies located in marine coastal ecosystems were classified using the marine ecoregions of the world [50] . Large inland aquatic systems were classified with the Köppen-Geiger climate classification.
Data synthesis and presentation
We synthesized the studies included in this review in narrative form. The narrative table is available in Additional file 3 and it consists of the following details: For some studies, we were not able to extract juvenile fish response data. We kept these studies in the narrative synthesis and flagged them in the Additional file 3 (see columns AE, AF and AG).
Included studies were dissimilar in terms of exposure studied, having disparate study designs and differed substantially in study duration and spatial resolution. Moreover, reported outcomes (juvenile abundances and densities) were heterogeneous in terms of studied species, as well as in terms of data reporting. These differences, along with the small number of included studies with diverse ecological contexts, made a quantitative synthesis of these studies to be of very limited value (if any), and potentially misleading. Therefore, we did not conduct a quantitative synthesis [71] .
Results
Literature search, retrieval, screening and appraisal
All the literature sources used in the review and the number of studies included at different stages of the review are in Fig. 1 . A list of unobtainable articles is available in Additional file 6, and a list of articles excluded at full text screening stage, together with reasons for exclusion, is available in Additional file 7.
Twenty-five studies (from 20 articles) were excluded from the narrative synthesis due to low validity: two studies had flaws in the design, six were not replicated, six had no relevant comparator, and in 11 studies data on juvenile or young-of-the-year (YOY) fish outcomes were not available or separable from adult data. A list of studies excluded from the narrative synthesis based on validity assessment is provided in Additional file 4 together with the reasons for exclusion. This review narratively synthesized 37 studies (originating from 37 articles) and Additional file 3 includes a narrative table describing all included studies in detail. In most cases there was only one study per article, but the article by Laurel and colleagues included two studies [73] , and two articles by Reed and colleagues [74, 75] were a single study.
Characteristics of studies included in narrative synthesis
Publication year of included articles in relation to type of article is shown in Fig. 2 . All the included articles were in English, the majority of which were academic peerreviewed journal articles (33) . The exceptions were one article from a conference proceedings [65] , two reports [75, 76] and one dissertation [77] .
Across the 37 studies, the most commonly studied country location was the US, followed by Canada (Table 1) . A majority of the studies (35) were in coastal marine or brackish systems (including estuaries, coastal wetlands and marshes); three of which were from the Baltic Sea [18, 78, 79] . Two studies were from the freshwater lentic systems of Laurentian Great Lakes [58, 77] .
Based on the geospatial information extracted from the studies, we built an 'evidence atlas' to show the geographical distribution of studies across climate zones, and it is available here: http://bit.ly/Evide nceAt las_Recru itmen t. Figure 3 [72] showing literature sources and inclusion/exclusion process studies belonged to the Arctic (3), the Temperate South America (2) and the Temperate Australasia (2). Both studies from the freshwater systems belonged to 'snow fully humid climate zone with warm summers' (Dfb) of Köppen-Geiger climate classification [51] .
Most of the studies were judged to be of high validity (24), 12 studies had medium validity and 1 unclear validity. Out of 12 studies with medium validity, six were pseudoreplicated, four had no properly matched comparator and impact sites and three had only temporal comparator (i.e. BA studies).
There were 22 experimental and 15 observational studies. The majority of the studies had CI design, with only 3 BA studies [18, 80, 81] and 3 BACI studies [73, 82] . One study had both BA and CI design (depending on the reported outcome) [69] . More than half of the studies (21) collected data for more than 12 months and only five studies lasted four or more years [73-75, 78, 80] .
In six studies no specific findings on response of fish recruitment could be obtained, because authors collected juvenile or YOY data from reference and exposure sites but did not statistically test differences to derive magnitude or to understand the direction of the impact, nor did they report data in sufficient detail for us to run statistical analyses [18, [65] [66] [67] [68] [69] (also see Table 2 ).
Narrative synthesis including study validity assessment
This review included studies that measured effects of habitat disturbances, structural modifications, introduced structures to enhance recruitment, or interventions to restore habitats. According to the type of studied impact and the comparator, we classified the studies in six categories that we describe below (see Table 2 and Fig. 3) .
The design and outcomes of the studies within different categories varied substantially; therefore, we were unable to provide any overall summary of the effect of specific structures or modifications. Instead, we refer to individual study findings and provide description of their outcomes (details available in Additional file 3). This approach may encourage vote counting, that is, tallying up studies that show significant positive effects, non-significant effects and significant negative effects to determine the direction of the overall effect [83] . However, that approach ignores the magnitude of the effect, the uncertainty around the effect estimate, and variability in methodological rigour of tallied studies, and should never be used without effect size calculations (see [84] ).
Human-made structures: effects through local modification, degradation or loss of native nursery habitat
This category included studies that examined, for example, fish recruitment in an area with constructed breakwaters compared to fish recruitment in the area before the construction was completed (BA design), and/or compared to fish recruitment in surrounding unaffected areas (CI design) characterised by a prevalence of native habitat types and communities similar to those that were impacted by the development. More generic 'urban sprawl' impact was covered by the subsequent category 3. This category included eight studies [60, 64, 69, 77, 80, [85] [86] [87] . Most of the studies were located in the Northern hemisphere (seven), and in the USA (three studies, [80, 85, 86] ), followed by Italy (two, [64, 87] ), Germany (one, [69] ), and Canada (one, [77] ). In the Southern hemisphere there was only one study from Brazil [60] . The majority of studies were in marine coastal ecosystems, with exception of one study in Lake Ontario [77] . Studies varied in internal and external validity: five were judged to have high validity [60, 64, 69, 85, 86] and three were assigned medium validity [77, 80, 87] . Medium validity was assigned due to design issues such as a lack of independence between experimental/observational units [77, 87] and lack of spatial control [80] . There were no studies with unclear validity.
Six of the studies were observational and two were experimental [69, 86] . All studies were designed as CI, except one with a BA design [80] . Additionally, one study [69] showed data from both CI and BA comparisons (subject to a specific outcome). In three studies, sampling lasted from two to four consecutive months [64, 77, 85] , others sampled from one to 1.5 years [60, 87] or several consecutive years [69, 80, 86] . Exposures included: areas with coastal protection structures such as breakwaters built either with rocks, boulders or concrete tetrapods [64, 69] or with oyster shells [86] ; areas subjected to a breakwater rebuilding event [80] ; ripraps [77, 85] ; overwater structures [85] and rocky jetties [60] ; and concrete walls and other anthropogenic debris [87] . Comparators were similar unaffected areas (either bottom sediment, cobble beaches or rocky coastlines, depending on the prevailing characteristics of the exposure) except for Pondella and Stephens [80] where the comparator was the same area before the rebuilding event. Reported outcomes were abundance (or density) of individual juveniles (sometimes limited to YOY fish) of a species, or juveniles of groups of species. The response of fish recruitment to the introduction of human-made structures varied between species and type of exposure; the results varied even within close speciesgroups, such as salmonids, and between different studies from the same areas. In the study of Clynick [64] , findings were species-specific, dependent on recruitment stage and if sampling was performed at exposed or sheltered sides of breakwaters. Newly recruited two-banded seabream (Diplodus vulgaris) was more abundant on sheltered side of breakwaters, and absent from exposed sides of breakwaters and adjacent rocky reef. In contrast, two-banded sea bream and Mediterranean rainbow wrasse (Coris julis) juvenile abundances were not significantly different between exposed, sheltered breakwaters and rocky reefs. Toft et al. [85] found significantly higher density of juvenile salmonid species around overwater structures, and deep water ripraps in comparison to the surrounding natural habitat (sand and cobble beaches). Authors also identified species-specific responses: Chinook salmon (Oncorhynchus tshawytscha) juveniles had the highest densities around deep water riprap while densities of juvenile Chinook-Coho salmon (O. tshawytscha-O. kisutch) were the highest around overwater structures, but there were no differences in juvenile density between areas with deep-water ripraps and natural cobble and sandy beaches. Rodrigues and Vieira [60] did not found any differences in juvenile abundances of studied species between areas with rocky jetties and adjacent beaches. Similarly, Scyphers et al. [86] did not find any differences in abundance of juvenile sciaenids between areas with breakwaters built with oyster shells compared to adjacent natural habitat. Two studies, Gristina et al. [87] and Stoklosar [77] , found significantly higher abundances of long-snouted seahorse (Hippocampus guttulatus) and juveniles of several species, respectively, in areas with human-made structures compared to reference areas without. These higher abundances were attributed to the presence of macroalgae. However, Stoklosar [77] showed that higher abundances of juvenile fish were only significant when assessed by trawl sampling; not when assessed with traps. Pondella and Stephens [80] , compared fish communities before and after rebuilding of a harbour. Only one species (Garibaldi damselfish (Hypsypops rubicundus)) showed significantly lower abundance during the rebuilding event, compared to both before or after, while all other species showed no significant variation during the study period. Finally, Wehkamp and Fischer [69] did not conduct statistical analysis to compare for differences between juvenile abundances on and around tetrapods.
Fish attractors: structures designed to locally enhance fishery resources by providing or recreating habitat for fish
This category differs from the previous one as the structures were designed for and deliberately introduced into the environment to enhance fish abundance. Analogous to the previous group, fish recruitment was compared before and after the impact or between affected and unaffected area(s).
This category included three studies from marine coastal ecosystems in Sweden [79] , Canada [88] and Chile [68] . Two studies were judged to have high validity [79, 88] and medium validity was assigned to the Jara and Cespedes study [68] (due to lack of independence between observational units). All the studies were experimental with CI design, except the Jara and Cespedes [68] study which had a BACI design. Sampling was done during one [79] or 2 years [68, 88] . Human-made habitat alterations ranged from spruce bundle structures [79] to concrete artificial structures [68, 88] introduced to low complexity substrate (sparse submerged vegetation or sand, gravel, or small cobble respectively). Reported outcomes were abundance of individual juvenile species.
There was only limited evidence that artificial substrates that were added to enhance fish recruitment had the intended effect, and this was further restricted to specific environmental context. In Sandström et al. [79] fish recruitment response varied according to water clarity: in clear waters fish abundance was significantly higher in spruce bundles with surrounding net then in control areas (i.e. surrounding native habitats), while in turbid waters there were no statistically significant differences. Sargent et al. [88] showed no significant differences in abundances between artificial reefs and control transects. Jara and Cespedes [68] did not conduct statistical tests to compare differences between juvenile abundances on reefs and control areas.
Urban sprawl: effects potentially leading to native habitat deterioration and loss over large (regional or national) spatial scales
This category included studies evaluating the impact of undefined human development or structural modification over large coastal areas by comparing fish recruitment before and after historical coastal development or between urbanised vs moderately urbanised or undeveloped control regions(s).
This category included three studies from Sweden (one study, [78] ) and USA (two studies [58, 66] ). Two studies were in marine [66, 78] , and one study in a large lacustrine ecosystem [58] . All three studies were judged to have high validity. They were all large scale observational studies with CI design. Sampling was done during one [58] or two consecutive seasons [66] ; or nine consecutive years [78] .
Hansen and Snickars [78] compared gradients of very low, low, and high levels of anthropogenic pressure (including boating-related infrastructure and boat traffic) that affect macrophyte community and juvenile fish abundances. Brazner [58] compared developed (i.e. modified by physical alterations created by dikes, landfills, homes, or industry) to undeveloped sites for two different habitat types (wetlands and beaches). Chittaro and colleagues [66] compared degraded and highly modified urban shorelines (located in proximity to populated areas) with less altered shorelines for their contribution as nursery areas in the region. Reported outcomes are abundance of juveniles of individual species or species groups.
The studies indicate that vegetation and wetlands are important for fish recruitment, but only two studies provide analysable data which strongly limits our ablity to draw any conclusions. Brazner [58] , found that one species [bluegill (Lepomis macrochirus)] out of seven had significantly lower densities in developed wetlands compared to undeveloped wetlands, but no statistical differences between urban developed beaches and undeveloped beaches were found for any of the species. Chittaro et al. [66] did not conduct statistical analysis to compare differences in urban versus non-urban areas, and did not provide data in a sufficient detail to statistically test for differences. Hansen and Snickars [78] showed juvenile fish abundance significantly and positively related to indexes of increasing macrophyte cover, which are scarce or lost in urban developed areas.
"Novel" habitats: performance of human-made structures as nursery habitats compared to structurally similar natural habitats
Studies in this category assessed how introduced humanmade structures perform as novel fish habitats in comparison to adjacent and structurally similar natural habitats. These studies examined which species colonise or use these novel structures. The category included studies that evaluate the potential nursery value of: (1) coastal infrastructures such as breakwaters, jetties, seawalls, etc., and (2) artificial reefs or other structures primarily designed to enhance habitat complexity and provide habitat for fish species. The comparator in these studies was the natural habitat with the most similar characteristics to the exposure (e.g. breakwaters compared to rocky reefs). Some studies further explored how specific elements of the design or location of the structures can increase their nursery value.
This category included nine studies from marine coastal ecosystems [59, 61, 65, 67, 74, 75, 82, [89] [90] [91] .
Most of the studies were located in the Northern hemisphere (eight), and in the USA (five, [65, 74, 75, 82, 89, 90] ), followed by France (two, [67, 91] ) and China (one, [61] ). In the Southern hemisphere there was only one study from Australia [59] . Studies varied in validity. Medium validity was assigned due to issues with the design such as lack of independence between observational units (pseudoreplication) [82, 91] and unbalanced sampling design [67] . Five studies were experimental [59, 65, 67, 74, 75, 90] , and 4 were observational [61, 82, 89, 91] . All studies had CI design. Apart from two studies [65, 82] , sampling was done for a year or more. Exposures range from concrete artificial reef modules [61, 65, 67, 74, 75, 82, 89] , mussel farms [61] and oyster grow-out cages [90] , to breakwaters [59, 91] and seawalls [91] . Reported outcomes were abundance of juveniles of individual or group of species.
The reported results on juvenile fish abundance around human-made structures, in comparison to natural reefs, was not consistent and varied among studies, systems and fish species. Among six studies of concrete artificial reefs, two [65, 67] did not carry out statistical analyses to test for differences. Reed et al. [74, 75] and Wang et al. [61] found higher densities of YOY fish on artificial reefs compared to natural rocky-reefs. In contrast, Matthews [89] found no statistically significant difference between artificial and natural rocky reefs. Jessee et al. [82] demonstrated species-specific differences in juvenile fish abundance between artificial and natural reefs: California sheephead (Semicossyphus pulcher) and black perch (Embiotoca jacksoni) had higher densities on artificial reef, whereas no significant differences in densities of halfmoon (Medialuna californiensis), kelp bass (Paralabrax clathratus), opaleye (Girella nigricans) and barred sand bass (Paralabrax nebulifer) were found. Effects on recruitment of breakwaters also varied. Fowler and Booth [59] found species-specific responses: no significant difference between breakwaters and natural rocky reef for abundances of juvenile silver sweep (Scorpis lineolate) and other juveniles combined, while higher abundance of Australian mado (Atypichthys strigatus) on breakwaters when compared to natural rocky reef was found. Pastor et al. [91] found higher abundance of juvenile white sea bream (Diplodus sargus) on breakwaters. Tallman and Forrester [90] found age-specific responses, densities of age-1 and 1+ scup (Stenotomus chrysops) were significantly higher on oyster cages than on natural reefs, while density of age-0 did not show any statistically significant difference. Additionally, in Wang et al. [61] , abundance of juvenile fish did not differ statistically between mussel farms and natural rocky reefs.
Habitat loss: experimentally measured effects of native (nursery) habitat loss as a direct consequence of urban sprawl
In contrast to category 3, this category included experiments that were specifically designed to simulate the effects of human-made developments and urban sprawl on native habitat structure and cover, such as for example, kelp removal experiments. Note that studies that broadly focused on habitat loss without making a specific link to urban and coastal development were not considered in our review.
This category included four studies from marine coastal ecosystems in the USA [92] [93] [94] and Canada [73] . All studies had experimental CI design, except for a study by Laurel et al. [73] that had a BACI design. All studies in this category had high validity. Sampling lasted from one [93] or 3 months [92] to several years [73, 94] . Studies examined the effects of: surfgrass removal from reefs compared to unaffected control reefs [92] ; eelgrass removal compared to unaffected eelgrass control areas [73] ; and manipulation of percentage of macroalgae cover [93, 94] or type of macroalgae cover within a kelp bed [93] . Reported outcomes were abundance of individual juvenile species. The studies in this category were limited in scale and not comparable to each other due to varying designs. The effect of removing natural recruitment habitat on juvenile fish abundances was inconsistent. Galst and Anderson [92] found species-specific responses of removing surfgrass: densities for total recruits, blacksmith (Chromis punctipinnis) and señorita (Oxyjulis californica) were higher on undisturbed areas, whereas giant kelpfish (Heterostichus rostratus) had higher densities on disturbed areas, and rock wrasse (Halichoeres semicinctus) did not show any significant response. Laurel et al. [73] showed decrease in abundance of age-0 Atlantic cod (Gadus morhua) and Greenland cod (G. ogac) following the removal of eelgrass, while abundances recovered over time to pre treatment levels. Levin [93] found no significant difference in YOY cunner (Tautogolabrus adspersus) density between habitats with all algae or canopy removed and control areas. O'Connor and Anderson [94] showed significant decline in one species immediately after thinning of kelp, but not for any other species. After the kelp regenerated, all significant effects on fish by the thinning treatment disappeared.
Habitat restoration: effects through structural interventions that restore native nursery habitats
This category included studies that examined the effects of native nursery habitat restoration on fish recruitment, by comparing fish recruitment: (1) before and after the restoration, or (2) between restored and unrestored degraded habitat(s), or (3) between restored and the reference unaffected native habitats. It also included four experiments that were originally designed to test different hypotheses (often related to the effects of loss of native habitats) but did this by structural interventions that recreated artificially the habitat or a mimic of it (e.g. using artificial macrophytes), thereby providing tests that we interpreted as potentially informative for restoration effectiveness. Some artificial reef designs were also meant to restore specific habitats (e.g. [74, 75] ) but we listed some of those in category 4.
This category included 10 studies, all from marine coastal ecosystems [18, 62, 63, 73, 76, 81, [95] [96] [97] [98] . The majority of these studies were located in the Northern hemisphere (nine), and in the USA (four [81, 95, 97, 98] ), followed by Canada (two, [73, 76] ), Mexico (one, [62] ), France (one, [63] ) and Sweden (one, [18] ). In the Southern hemisphere there was only one study from Australia [96] . Studies varied in the validity: six were judged to have high validity [62, 63, 73, 81, 95, 96] and four were assigned medium validity ( [18, 76, 97, 98] ). Medium validity was assigned due to unbalanced sampling design [76] , pseudoreplication [97] , differences between samples [98] and lack of spatial control [18] . There were no studies with unclear validity.
Most of the studies were experimental (8) , with the exception of two observational studies [18, 76] . Most of the studies (seven) were designed as CI, except Laurel et al. [73] with a BACI design, and Reese et al. [81] and Nilsson et al. [18] designed as BA studies. Apart from three studies [62, 63, 97] , where sampling was limited to one year, the studies lasted for a longer time period.
Four of the studies examined wetland or marsh restoration [18, 76, 97, 98] . Laurel et al. [73] and Jenkins et al. [96] examined the effectiveness of the artificial eelgrass units for fish recruitment, whereas Cheminee et al. [63] and Aburto-Oropeza et al. [62] experimentally tested effects on juvenile abundance from restoration of macrophyte coverage using artificial and natural macrophyte manipulations. Harwell et al. [95] studied the potential of oyster reef restoration for fish abundance. Reese et al. [81] compared estuarine-dependent recruitment in seagrass habitats pre-and post-opening of an adjacent tidal inlet closed for a long time. The reported outcomes were abundance of individual juvenile fish species. Restoration efforts of macrophytes, with transplants or artificial macrophyte mimics including Sargassum [62] , Cystoseira spp. (only for one species of fish, [63] ), artificial seagrass [73, 96] , and Spartina [97] in general showed positive effects on the abundance of juvenile fish compared to bare, disturbed or invaded habitats. In contrast, Harwell et al. [95] showed no significant differences in juvenile fish abundance between created oyster reefs, reference natural reefs or mudflats. Restoration of marshes or tidal inlets showed varying effects, depending on the choice of reference sites. Reese et al. [81] showed significantly higher density of fish recruits the year after the opening of the tidal inlet. In contrast, David et al. [98] showed significantly lower densities in the two restored channels compared to two reference channels, although densities increased over time. Finally, Levings and Nishimura [76] reported no statistically significant differences between the restored marsh site and the control. Nilsson et al. [18] did not statistically test differences in numbers of emigrating E. lucius before and after restoration.
Discussion
This systematic review aimed to estimate the impacts on fish recruitment of various human-made structural modifications of temperate and Arctic coastal marine, brackish and large lake habitats (both in the Northern and Southern Hemispheres). Our review shows that the impact (e.g. studies in categories 1 and 2) and ecological performance (category 4) of structural modifications are context and species dependent. In the following sections we will describe and discuss reasons for heterogeneity, limitations of the evidence base and limitations of the review methodology.
Reasons for heterogeneity
In the first category, which evaluates the impact of human-made structures on local modification, degradation or loss of native nursery habitat, fish recruitment response varied with specific type of studied structure and species studied (even within related species group) and between new recruits and juveniles. For example, juvenile fish responses were affected by the presence (or absence) of macroalgae on artificial structures, where presence of macroalgae on the constructions had a positive effect on juvenile abundance (e.g. [77, 87] ). Sampling methods (e.g. [77] ) also introduced differences in measured recruitment response. The second category dealt with human-made structures designed to locally enhance fishery resources by providing or recreating habitats for fish. The evidence base was limited to 3 studies (that had different designs) and we were only able to obtain findings from two of them. In one of the studies, recruitment response also varied due to environmental factors as positive effects on recruitment by adding artificial structures was only observed in clear water but not in turbid water [79] . The third category evaluated the impact on fish recruitment of urban sprawl over larger (regional or national) spatial scales. The evidence base here was also limited, and it included three studies from different geographical locations, marine and freshwater systems. In this category, findings were obtained from the two studies and they showed the presence of vegetation in impacted areas to be a potentially important (and positive) factor for recruitment. The fourth category gathered studies that evaluated performance of human-made structures as nursery habitats for fish recruitment (in comparison to structurally similar natural habitats). Types of structures and habitats compared in the different studies varied substantially, and the outcome from included studies varied mainly from positive, e.g. higher densities on artificial reefs and breakwaters compared to natural reefs [59, 61] to no effect [82, 89] across species. The fifth category dealt with experiments designed to measure effects on fish recruitment of nursery habitat loss. However, this evidence base was also limited to 4 studies with varying study designs like kelp [93] or surf grass removal [92] and species-specific outcomes showing positive, negative or no effect of the removal. The final category of studies examined the effects of native nursery habitat restoration with substantial variation in their study designs, validity and type of restoration, e.g. oyster reef [95] and tidal channel restoration [81] to artificial eel grass additions [96] . In sum, the results of this review show that the evidence base for the impact on recruitment of coastal modifications is limited and general conclusions are difficult to make, due to: (1) the heterogeneity of studies that were either context-or species-specific; and (2) the limited spatial and temporal scales of studied effects.
Review limitations
Although the importance of coastal habitats to fish population abundance and fishery yield of commercially and ecologically important species has been demonstrated (e.g. [16] ), our assessment showed a surprising lack of information about how structural modifications and changes over a broad range of coastal and estuarine habitats (related to marine urban sprawl) can affect fish recruitment. Here, we defined recruitment broadly as absolute or relative abundance of juvenile fish, mainly YOY fish, but also older juveniles. While we argue that we took a broad inclusive approach, we ended up with an unexpectedly small number of comparable studies (55 studies included at full text, with 37 studies finally included after critical appraisal, but divided over six categories). The reasons for this limited number of studies could be related to either methodological limitations of our review, limitations of the evidence base, or both.
Limitations of the review methodology
This review had a focused search strategy devised deliberately to capture effects of urbanization and humanmade structures and structural modifications of nursery and spawning habitats of fish, as requested by the stakeholders. It does not include effects of habitat changes associated with invasive species, storms, tsunamis, climate change, or sea level rise. Although we searched for literature in seven languages, we might have missed some studies. For example, searches in French, Russian and Chinese were not included. France, Russia and China are countries with significant numbers of state-financed research institutes and universities and also with a commercial interest in temperate coastal fisheries, indicating the presence of potential reports investigating impacts on recruitment that we likely missed. Moreover, longterm unreplicated environmental monitoring studies would not be eligible for our review, but still such studies may have the potential to show the long-term impact of human-made structures, revealing population trends.
Another limiting factor is the different definitions and conventions on how to measure fish recruitment. There were likely numerous studies that test effects of humanmade structures on the very early life stages that were not included in our review (e.g. we excluded 178 studies at full text screening stage for not including data on juvenile or YOY fish). We chose not to include these since it is unclear how effects on eggs and larvae translates to effects on recruitment, as the relation between the very early life-stages and YOY abundance can be limited and certainly very context dependent (and less so than the later stages) [99] .
This review was based on the request from Swedish stakeholders and our primary objective was to provide evidence relevant to the Baltic sea context. Therefore, we included comparable marine, brackish and large freshwater systems (> 10,000 km 2 ). However, we might have gained additional insights if we have also included studies from smaller lakes (see [100] ) or non-temporal regions.
Limitations of the evidence base
We observed that studies tend to focus on the connections either between human-induced structural changes and the status of coastal habitats (e.g. [101] [102] [103] ) or between the status of coastal habitats and fish recruitment (e.g. [104] [105] [106] ), while comparatively far fewer studies make direct connection between structural changes and fish recruitment.
Possibly the major limitation of obtained evidence base is also the most informative result; that there is a large mismatch between available published research and stakeholder needs. Only nine studies were found in category 1 (the main question for the stakeholders), of which five studies were judged to be of high validity. A larger evidence base was found in category 4 with the focus on structures deliberately introduced to enhance recruitment (10 studies, six with high validity) and category 6 focusing on restoration interventions (10 studies, six with high validity).
Despite available guidance on how to conduct rigorous assessment of impacts [107] , poorly designed studies are still being done and impacts are still being erroneously or incompletely assessed. There was a surprisingly small number of BACI studies (three in total) and thus, most studies included in this review assess the impact of coastal structures on fish recruitment without prior baseline data from the impacted and control areas.
Additionally, most studies had limited temporal and spatial resolution. We found only three studies that examined habitat modifications across large spatial scales to estimate system-wide effects (study category 3, [58, 66, 78] ). They explored effects on regional scales, such as impacts on the recruitment in an archipelago or estuary by accumulated changes in the physical habitat, compared to the recruitment in an area with intact natural spawning and nursery habitats. Additionally, only five studies measured the effects of the habitat modification over longer period (more than 4 years) [73-75, 78, 80] . Although such large-scale studies are labour-intensive and expensive, we believe they are essential for understanding effects of human development on fish recruitment. Despite their scientific rigour, results of studies that measure impacts at small scales may be difficult to extrapolate at the scale needed to inform decisions about conservation and fisheries management [108] . Moreover, eleven studies had to be excluded from our synthesis mainly because reported juvenile data was not separable from adult fish data. Availability of raw data as supplementary material in such circumstances would have been valuable for this synthesis.
Review conclusions
Implications for policy and management
It has become apparent that identifying and quantifying impacts on fish recruitment of native coastal habitat loss and the nursery value of a variety of coastal and estuarine habitats are needed [17, [109] [110] [111] [112] . In this context habitat structure and complexity are emerging as critical factors influencing nursery values of coastal habitats [16, 113, 114] . Human-induced changes in habitat structure are one of the main pressures affecting estuarine and coastal systems worldwide [10, 12] , yet our review clearly shows that the degree and rate of these changes and their impact on fish recruitment are rarely studied and poorly understood. Efforts need to focus on how to mitigate the impacts that do occur, take into account the affected habitats, and exploit opportunities [115] . The limited evidence base complicates policy making and point to the need for more well-designed studies on this issue, otherwise there is a risk of implementing policy decisions based on the lack of evidence of negative (or no) effects and ignoring a precautionary approach in favour of societal growth and development. Of course, there is also an economic opportunity cost of preventing societal development based on concerns for fish if such effects are not present. Given the different responses of different species in different habitats (e.g. [59, 64, 91] ) there is also the risk of inferring results from one or a few studies to support management decisions that may not deliver the desired results. The lack of evidence and the high heterogeneity that we show in this review point to the complexity of the issue and should motivate more investment in targeted research towards evaluating the value of coastal habitats [16] , impacts of human activities on these habitats [116] and finally link the pressures (coastal habitat reconstruction) with fish recruitment. Only then can managers implement evidence-based regulations of human activities, mitigate effects, and execute compensatory actions for these activities. The planning of these compensatory actions can only take place if there is sufficient knowledge on what conditions are necessary to maintain or restore ecosystem function.
Implications for research
This review revealed a substantial mismatch between stakeholder needs and research evidence on effects on fish recruitment from physical anthropogenic impacts on coastal habitats. Hence, there is an urgent need for more investigations that not only study effects of specific and multiple exposures and interventions but also study how structures can be made or modified to provide adequate ecological functions.
Long-term studies are rare but due to the large year-toyear variation in recruitment in many fish species [117] , longer term measurements before and after a modification should be collected. The modifications should have appropriate, matching control areas to control for spatial variability. Clearly, this variability calls for a BACI design and such studies would substantially increase our collective understanding of the effects of coastal development. Thus, when possible, sampling should be conducted in the affected area both before and after the intervention. Even so, the vast number of existing anthropogenic habitat modifications provides plenty of opportunities to conduct well replicated CI studies. Here, special attention should be taken to assure independence of measurement between replicates and that exposure and controls are well-matched.
Another important consideration is that recruitment is a complex process where abiotic and biotic factors may have very different impact on different life stages normally associated with recruitment process (e.g. eggs, larvae and juvenile fish) [117] . Thus, studies focusing on single exposures may show effects on a certain life-history stage of juvenile fish, but this effect may have no discernible effect on overall recruitment [118, 119] . Reasons for this could be that juvenile fish are performing ontogenetic niche shifts and thereby actively change habitats to e.g. open water, or because bottlenecks in recruitment are not associated with the nearshore habitats studied. This is exemplified by the discussion on ocean versus freshwater stages affecting salmon returns in the Pacific [120] , or by the discussion on whether processes occurring during the offshore egg/larval stages versus the post-settlement stages in the coastal areas affect recruitment in several marine flatfish [121, 122] . Identifying presence or absence of bottlenecks in different life stages is important, but these bottlenecks will occur at different life stages for different fish species [99] , making general conclusions difficult.
Another way to improve the evidence base on the potential impacts of human-made structures and structural modifications is to use studies of smaller lakes (but see [106] ), as potential impacts on recruitment may be easier to observe when the impact itself is larger compared to the size of the ecosystem and when the impacted fish population is confined. Finally, researchers reporting on their outcomes should always publish variances and sample sizes or provide raw data in an electronic appendix so their data can be used in meta-analyses.
